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1. 

FLOATING GATE NON-VOLATILE MEMORY 
AND METHOD THEREOF 

BACKGROUND 

1. Field of the Disclosure 

The present disclosure relates to electronic devices and 
processes, and more particularly, to electronic devices that 
include non-volatile memory devices and processes for form 
ing and using the same. 

2. Description of the Related Art 
Floating gate non-volatile memories (“FG NVM) are 

commonly used in many applications. The two most common 
types of programming mechanisms for FG NVM include 
Fowler-Nordheim tunneling and hot carrier injection. 
Fowler-Nordheim tunneling is efficient but relatively slow. 
Efficiency can be measured by dividing the number of carriers 
that enter a floating gate by the number of carriers that 
enter a memory cell having the floating or the other storage 
element(s). The latter number can be approximated by using 
the product of the programming current and the programming 
time. 

Hot carrier injection can include conventional hot carrier 
injection and Source-side injection. Both involve the genera 
tion of hot carriers, some of which are injected into the float 
ing gate or the other storage element(s). In conventional hot 
carrier injection when using a floating gate, an electrical field 
is generated along a channel region of a memory cell. Within 
the channel region, the electrical field is the highest near the 
drain region. The electrical field accelerates carriers flowing 
within the channel region, such that, within the channel 
region, the carriers are traveling the fastest near the drain 
region. A fraction of carriers having energies large enough to 
overcome the dielectric barrier are hot carriers. A small frac 
tion of these hot carriers scatter within the channel region, and 
they are attracted by an electrical field generated by the con 
trol gate electrode, which can help inject some into the float 
ing gate through a dielectric region separating the channel 
from the floating gate. Conventional hot carrier injection has 
a high programming current and is inefficient. 

Source-side injection is a popular compromise, with 
respect to efficiency and programming current, between 
Fowler-Nordheim tunneling and conventional hot carrier 
injection. With source-side injection, hot carriers are still 
generated; however most of the hot carriers are generated 
within a portion of the channel region that is spaced apart 
from the drain region. Memory cells designed for program 
ming by source-side injection are not without problems. Typi 
cally, the memory cells require one or more additional critical 
lithographic sequences and result in larger memory cells. As 
Such, high-density floating gate memories are becoming 
more difficult to fabricate in commercial volumes. 

Accordingly, there continues to be a need in the industry 
for memory cells having alternate designs, particularly 
memory cells that utilize injection techniques and are capable 
of providing improved channel structures, efficiency, and pro 
gramming current responsiveness as well as read current 
responsiveness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure may be better understood, and its 
numerous features and advantages made apparent to those 
skilled in the art by referencing the accompanying drawings. 
The disclosure is illustrated by way of example and not limi 
tation in the accompanying figures. 
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2 
FIG. 1 is a cross sectional view of a region of a workpiece 

having a plurality of overlying layers forming a stack. 
FIG. 2 is a view of the workpiece of FIG. 1 after forming 

additional layers overlying the stack. 
FIG. 3 is a view of the workpiece of FIG. 2 after masking 

portions of the stack and additional layers. 
FIG. 4 is a view of the workpiece of FIG. 3 after etching 

portions of the stack and additional layers. 
FIG. 5 is a view of the workpiece of FIG. 4 after forming a 

charge storage structure layer over a portion of the Substrate, 
the stack, additional layers and the mask. 

FIG. 6 is a view of the workpiece of FIG. 5 after forming 
spacers along the sidewalls of the stack and the charge storage 
material layer. 

FIG. 7 is a view of the workpiece of FIG. 6 after removing 
portions of the charge storage layer, the mask and one of the 
additional layers. 

FIG. 8 is a view of the workpiece of FIG. 7 after removing 
the spacers from the sidewalls and the top of the multi-bit cell 
Structures. 

FIG. 9 is a view of the workpiece of FIG. 8 after forming a 
multi-gated active portion of the Substrate, the stack and the 
charge storage material layer. 

FIG.10 is view of the workpiece of FIG.9 during doping of 
sidewall regions of the multi-bit cell structures. 

FIG. 11 is a view of the workpiece of FIG. 10 after forming 
a conductive layer over portions of the substrate and multi-bit 
cell structures. 

FIG. 12 is a view of the workpiece of FIG. 11 after forming 
an oxide layer over substantially all the structures illustrated. 

FIG. 13 is a view of the workpiece of FIG. 12 after forming 
a conductive layer over the illustrated portion of the work 
piece. 

FIG. 14 is a view of the workpiece of FIG. 13 with desig 
nated bit cell storage regions used in conjunction with Table 
1. 

FIG. 15 is a view of the workpiece of FIG. 12 after remov 
ing portions of the oxide layer and forming conductive layers 
along the sidewalls of the stacks. 
The use of the same reference symbols in different draw 

ings indicates similar or identical items. 
Skilled artisans appreciate that elements in the figures are 

illustrated for simplicity and clarity and have not necessarily 
been drawn to scale. For example, the dimensions of some of 
the elements in the figures may be exaggerated relative to 
other elements to help to improve understanding of embodi 
ments of the disclosure. 

DETAILED DESCRIPTION 

Clarification of specific terms will be useful prior to dis 
cussing specific embodiments of the present disclosure. 
The term "substrate’ herein is intended to mean a base 

material. An example of a Substrate includes a quartz plate, a 
monocrystalline semiconductor wafer, a semiconductor-on 
insulator wafer, etc. The reference point for a substrate is the 
beginning point of a process sequence. 
The term “workpiece' herein is intended to mean a sub 

strate and, if any, one or more layers and openings, or any 
combination thereof attached to the Substrate, at any particu 
lar point of a process sequence to form structures. Note that 
the Substrate may not significantly change during a process 
sequence, whereas the workpiece significantly changes dur 
ing the process sequence. For example, at the beginning of a 
process sequence, the Substrate and workpiece are the same. 
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After a layer is formed over the substrate, the substrate has not 
changed, but now the workpiece includes the combination of 
the substrate and the layer. 

The term “discontinuous storage elements' herein is 
intended to mean spaced-apart objects capable of storing a 
charge independent of one another. In one embodiment, Sub 
stantially all discontinuous storage elements may be initially 
formed and remain separate from one another. In another 
embodiment, Substantially all discontinuous storage ele 
ments may be initially formed separate from one another, and 
later during the formation, Some but not all of the discontinu 
ous storage elements may coalesce. 
As used herein, the terms “comprises.” “comprising.” 

“includes.” “including.” “has “having or any other varia 
tion thereof, are intended to cover a non-exclusive inclusion. 
For example, a process, method, article, or apparatus that 
comprises a list of elements is not necessarily limited to only 
those elements but may include other elements not expressly 
listed or inherent to such process, method, article, or appara 
tus. Further, unless expressly stated to the contrary, 'or' 
refers to an inclusive or and not to an exclusive or. For 
example, a condition A or B is satisfied by any one of the 
following: A is true (or present) and B is false (or not present), 
A is false (or not present) and B is true (or present), and both 
A and B are true (or present). 

Additionally, for clarity purposes and to give a general 
sense of the scope of the embodiments described herein, the 
use of the “a” or “an are employed to describe one or more 
articles to which “a” or “an refers. Therefore, the description 
should be read to include one or at least one whenever “a” or 
'an' is used, and the singular also includes the plural unless it 
is clear that the contrary is meant otherwise. 

Unless otherwise defined, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this disclosure 
belongs. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. In case of conflict, the present specifi 
cation, including definitions, will control. In addition, the 
materials, methods, and examples are illustrative only and not 
intended to be limiting. 

Various features and advantages of the present disclosure 
will be apparent from the following detailed description, and 
from the claims. To the extent not described herein, many 
details regarding specific materials, processing acts, and cir 
cuits are conventional and thereby known by those skilled in 
the art associated with the present disclosure. 

Referring to FIG. 1, a workpiece 9 is illustrated according 
to a specific embodiment of the present disclosure and 
includes a stack 19 formed over a portion of a substrate 10. 
According to one embodiment, the substrate 10 includes a 
single crystal semiconductor material. Substrates Suitable for 
the purposes described herein, include silicon, germanium, 
semiconductor on insulator (SOI), silicon on Sapphire, or 
silicon on nitride Substrates. 
An ion implant process of substrate 10 can be performed to 

provide dopants at its surface. Ion implantation (not specifi 
cally illustrated) of the substrate 10 at the location of stack 19 
reduces potential leakage and interference between conduc 
tive lines formed subsequently over the surface of the sub 
strate 10 and additionally counter-acts future ion implanta 
tion procedures. The ion implantation procedure may be 
completed using conventional and proprietary techniques as 
are know in the art. In one embodiment, a dopant is intro 
duced to substrate 10 prior to forming the stack 19 to form 
doped regions (not illustrated) within the substrate 10. The 
dopant may be a p-type dopant (e.g., boron) or an n-type 
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4 
dopant (e.g., phosphorus or arsenic). After introducing the 
dopant through ion implantation, an optional thermal cycle 
can be performed to activate the dopant. In another embodi 
ment, Subsequent processing may have one or more thermal 
cycles capable of activating the dopant. As such, the doping 
concentration is at least approximately 5x10" atoms/cm. 

According to the illustrated embodiment of FIG. 1, stack 
19 comprises a plurality of layers overlaying a portion of the 
substrate 10. It should be appreciated that the stack 19 can 
overlay some or all of the substrate 10 and only a portion of 
the entire stack 19 and substrate 10 are illustrated, as repre 
sented by the use of wavy edges. The layers of stack 19 can 
include a variety of materials and a variety of thicknesses. In 
one embodiment, layers 12, 16, and 20 include a dielectric or 
insulating material Such as silicon dioxide, silicon nitride, 
silicon oxynitride, a high dielectric constant ("high-k') mate 
rial (e.g., dielectric constant greater than 8), or any combina 
tion thereof while layers 14 and 18 comprise a conductive 
material. Such as a doped silicon layer, a metal, or the like. In 
a specific embodiment, layers 12, 16, and 20 include silicon 
dioxide and layers 14 and 18 include a metal, which can 
include a conductive metal oxide or metal nitride. Layers 14 
and 18 facilitate the formation of conductive gates of a multi 
gate transistor structure that is further defined by layer 16 
between layers 14 and 18 from which conductive gates will be 
formed. Each of the layers 12, 14, 16, 18, and 20 comprising 
the stack 19 can be formed by conventional and proprietary 
growth and deposition techniques known in the art. Accord 
ing to one embodiment, the dielectric layers of the stack 19 
are thermally grown using an oxidizing or nitridizing ambi 
ent. Other embodiments contemplate formation of the layers 
using a chemical vapor deposition technique, physical vapor 
deposition techniques, atomic layer deposition techniques, or 
a combination thereof. 

According to one embodiment, layers 12 and 16 have a 
thickness less than approximately 300 Angstroms, which 
includes a thickness of less than approximately 100 Ang 
stroms; layers 14 and 18 have a thickness less than approxi 
mately 900 Angstroms, which includes a thickness of less 
than approximately 500 Angstroms; while layer 20 has a 
thickness less than approximately 500 Angstroms, which 
includes a thickness of less than approximately 250 Ang 
stroms. Other embodiments beyond those discussed and illus 
trated with respect to FIG.1 are contemplated and can include 
a variety of layers using different materials, suitable for form 
ing the final electronic device in the manner described herein. 

FIG. 2 illustrates a specific embodiment of workpiece 9 
having additional layers 22 and 24 overlying stack 19. The 
additional layers 22 and 24 are formed to facilitate later 
processing and can comprise a variety of materials in a variety 
of arrangements. In one embodiment, layer 22 is a masking 
layer that will facilitate subsequent removal of portions of 
stack 19. Layer 22 can include a material comprising a nitride, 
Such as silicon nitride, like silicon oxy-nitride, other metal 
nitrides, combinations thereof, and the like. According to the 
illustrated embodiment of FIG. 2, layer 24 overlays layer 22. 
Layer 24 can include Some of the same materials as one or 
more of the layers of the stack 19, for example, a dielectric or 
insulating material Such as silicon dioxide. Additional layers 
22 and 24 can be deposited or grown using conventional and 
proprietary techniques known in the art. In one embodiment, 
each of the additional layers 22 and 24 have a thickness not 
greater than approximately 500 Angstroms, such as not 
greater than approximately 250 Angstroms. 

FIG. 3 illustrates workpiece 9 subsequent to forming a 
layer 26 over the workpiece 9 of FIG. 2, to provide a mask that 
defines uncovered regions 101, 107 and 109, where openings 
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in layer 26 exist. Portions of layer 24 are unexposed or cov 
ered at regions 103 and 105 by the overlaying layer 26. 
Typically, layer 26 can comprise a photoresist or a hard mask 
formed by patterning processes that include lithographic. 
Suitable materials for layer 26 can include nitrides, such as 
silicon oxy-nitrides or other silicon nitrides and metal 
nitrides, combinations thereof, or the like. According to one 
embodiment, layer 26 has a thickness not greater than 
approximately 10000 Angstroms. 

Referring to the specific embodiment of FIG.4, portions of 
the stack 19 and layers 22 and 24 at regions 101,107 and 109 
have been removed. According to one embodiment, an etch 
process is used to remove portions of the stack 19 and the 
additional layers 22 and 24. Remaining portions of stack 19 
form multi-gate stacks, each having conductive gates formed 
from layers 14 and 18, and opposing sidewalls. According to 
one embodiment, etching of the layers at uncovered regions 
101, 107 and 109 can include techniques such as a dry etch. 
Layer 26 has also been removed from uncovered regions 101, 
107, and 109. Layer 26 can be removed using conventional 
and proprietary techniques, such as an ashing for photoresist 
materials or other techniques depending upon the composi 
tion of layer 26. According to the illustrated embodiment of 
FIG. 4, removing the layers at uncovered regions 101, 107 
and 109, results in the formation of layered structures at 
locations 401 and 403 at which multi-bit cell memory struc 
tures are being formed. According to one embodiment, the 
multi-bit cell structures being formed at locations 401 and 
403 will share a common word line. 

FIG. 5 illustrates one embodiment of the workpiece 9 after 
the formation of layer 30 over the workpiece 9. Layer 30 can 
include a charge storage material capable of storing a charge, 
and is formed adjacent to and continuous along the multi 
layered structures at locations 401 and 403, such that a por 
tion of layer 30 is substantially perpendicular (vertical as 
shown) to the major surface of the substrate 10. Layer 30 can 
include charge storage materials, such as a material compris 
ing one or more of silicon, a nitride, a metal-containing mate 
rial or a combination thereof. According to one embodiment, 
layer 30 includes discontinuous storage elements surrounded 
by a dielectric material. The discontinuous storage elements 
are substantially physically separated from each other. Dis 
continuous storage elements comprises a material capable of 
storing a charge, such as a material comprising silicon, a 
nitride, a metal-containing material, a metal nitride, another 
Suitable material capable of storing charge, or any combina 
tion thereof. In one embodiment, discontinuous storage ele 
ments can be formed from one or more materials whose 
properties are not significantly adversely affected during a 
thermal oxidation process. Such a material can include plati 
num, palladium, iridium, osmium, ruthenium, rhenium, 
indium-tin, indium-zinc, aluminum-tin, or any combination 
thereof. Each of such materials, other than platinum and 
palladium, may form a conductive metal oxide. In one par 
ticular embodiment, discontinuous storage elements are sili 
con crystals. In one embodiment, each of discontinuous Stor 
age elements is less than approximately 10 nm in any 
dimension. In another embodiment, discontinuous storage 
elements can be larger, however, discontinuous storage ele 
ments are not formed so large as to form a continuous struc 
ture (i.e., all discontinuous storage elements are not fused 
together). 

Layer 30 can include one or more films (i.e. layers) of a 
dielectric material layer, Such as silicon dioxide, silicon 
nitride, silicon oxynitride, a high dielectric constant ("high 
k') material (e.g., dielectric constant greater than 8), or any 
combination thereof. The high-k material can include 
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6 
Hf,ON, Hf,SiO, Hf,SiON, Hf, ZrON, Hf, Zr,Si. 
ON, Hf, ZrO, Zr,SiO, Zr,SiON. ZrO, other Hf 
containing or Zr-containing dielectric material, a doped ver 
sion of any of the foregoing (lanthanum doped, niobium 
doped, etc.), or any combination thereof. According to one 
embodiment, the dielectric material layer may be thermally 
grown using an oxidizing or nitridizing ambient, or deposited 
using a chemical vapor deposition technique, physical vapor 
deposition technique, atomic layer deposition technique, or a 
combination thereof. In one embodiment, the dielectric mate 
rial layer has a thickness less than approximately 50 nm. The 
thickness and material selection of dielectric material layer 
will be selected based upon desired electrical properties of the 
bit cells being formed. In one embodiment the thickness and 
material are chosen Such that dielectric layer has a silicon 
dioxide equivalent thickness of less than 12 nm. 

FIG. 6 illustrates one embodiment of the workpiece 9 sub 
sequent to the formation of spacers 32 abutting the vertical 
sidewalls of the structures at multi-bit cell locations 401 and 
403. The spacers 32 can be formed using conventional and 
proprietary techniques known in the art. The spacers 32 are 
formed in part to protect the memory bit cells' charge storage 
structures formed from layer 30 at locations 401 and 403. 
Suitable materials for the spacers 32 can include nitrides, 
Such as silicon oxy-nitrides, or other silicon nitrides and metal 
nitrides or combinations thereof, or the like. In one embodi 
ment, the spacers 32 are made of the same or a similar mate 
rial to layer 22, to facilitate later processing. The spacers 32 
can be formed using techniques such as a deposition process 
followed by an anisotropic etch. Accordingly, it will be appre 
ciated that the formation of the spacers 32 can include an 
oxidation process and as such may include the formation of 
multiple films of materials. 

Referring to FIG. 7, the layer 24 and portions of the layer 
30 are removed. According to one embodiment, layer 24 and 
portions of layer 30 can be removed using a known conven 
tional or proprietary etch process. According to the embodi 
ment illustrated in FIG. 7, the etching removes a portion of 
layer 30, but leaves a portion of layer 30 at the sidewall 
regions 601-604. According to one embodiment, layer30 and 
layer 24 can be removed together or separately using similar 
or different etch processes. In one embodiment, layer 22 is 
formed from a material different from layer 24 to facilitate 
removal of layer 24 while leaving as substantial portion of 
layer 22. Accordingly, the selective etch process can also be a 
dry etch or wet etch. It will be appreciated that the removal of 
these layers can be completed in a different manner using 
alternate techniques while still retaining layer 30 at the ver 
tical side wall regions 601-604 of the memory bit cell loca 
tions 401 and 403. The resulting charge storage structures 
formed from layer 30 are at regions parallel to, and continu 
ous along sidewall portions of the structures remaining from 
stack 19 that include gates being formed from layers 18 and 
14, and wherein a major Surface of the charge storage struc 
ture is substantially perpendicular (vertical as illustrate) to the 
major surface of the substrate 10. With respect to the gates 
formed by conductive layers 14 and 18 of the original stack 19 
the charge storage structure is adjacent to both gates, and 
continuous along them, as illustrated in FIGS. 7-15. 

FIG. 8 illustrates the multi-bit cell portions at locations 401 
and 403 after the removal of the spacers 32 and layer 22. The 
removal of the spacers 32 and layer 22 may be achieved using 
known conventional and proprietary techniques, such as a wet 
etch, dry etch, or the like. According to one embodiment, the 
etch process is an isotropic wet or dry etch. As will be appre 
ciated, the type of etch process will be dependent upon the 
material of the spacers 32. As such, spacers 32 and layer 22 
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can be removed using the same etch process if they are the 
same or similar materials, however, individual removal steps 
are also Suitable. 

FIG. 9 illustrates a specific embodiment where a layer 40 
has been formed over the workpiece 9. In one embodiment, 
layer 40 includes a semiconductor element from which a 
multi-gated active structure will be subsequently formed at 
each sidewall of the multi-bit cell structures at locations 401 
and 403. Note that layer 40 as illustrated includes portions 
that are adjacent and parallel the sidewall Surface of charge 
storage structures 30, which are substantially perpendicular 
the major surface of the substrate 10. As such, layer 30 is 
between layer 40 and the structures formed from the layers of 
stack 19 that form multi-gate stacks. A first plane is defined by 
an interfacial region between layer 40 and layer 30. Addition 
ally, a second plane is defined by a surface of layer 40 that is 
opposite its first surface, wherein the first plane of layer 40 is 
between the second plane of layer 40 and the multi-gate 
structures formed from the layers of stack 19. As will be 
described in more detail below, during particular operations 
of the memory bit cell structure, multi-gated active structures 
facilitate generating charge mobility regions allowing charge 
elements to move along portions of the first interfacial region 
and a second interfacial region that will be formed at the 
second plane. 

According to one embodiment, layer 40 comprises a semi 
conductor element. For example, layer 40 can be polysilicon, 
amorphous silicon, or nano-crystalline silicon deposited by a 
chemical vapor deposition process. In another embodiment, 
layer 40 is monocrystalline, formed using an epitaxial growth 
process. Layer 40 may include one or more other materials 
deposited by another process, such as chemical vapor depo 
sition, or atomic layer deposition. Layer 40 can be doped 
when deposited or Subsequent to its formation. Typically the 
thickness of layer 40 is in a range of approximately 10 nm to 
approximately 100 nm, and in a finished device, remaining 
portions of layer 40 have a dopant concentration of at least 
5x10" atoms/cm to facilitate formation of channel regions 
when layer 40 includes polysilicon. Layer 40 can be formed 
by known conventional and proprietary techniques such as 
deposition or growth. If layer 40 is deposited it may substan 
tially overlay the surfaces of the workpiece as illustrated in 
FIG. 9. 
The formation of layer 40 facilitates the formation of two 

interfacial regions. One interfacial region is Substantially 
consistent with the first plane of layer 40 at a boundary region 
between layer 30 and layer 40 along which charge can be 
moved and through which charge can pass during charge 
storage operations. The second interfacial region is Substan 
tially consistent with the second plane of layer 40 at the 
boundary region between layer 40 and an overlaying dielec 
tric layer 60 (described subsequently, see FIG.12) and defines 
a channel region along which charge elements can be moved 
during a read operation. 

FIG. 10 illustrates the formation of layer 41 by doping 
layer 40 along the vertical sidewalls regions 601-604 of the 
multi-bit cell structures at multi-bit cell locations 401 and 
403. According to the illustrated embodiment of FIG. 10, 
layers 40 and 41 separated by a dashed line since the interface 
is a dopant concentration gradient which may not be as well 
defined as other interfaces, such as an interface between lay 
ers of different materials. It will be appreciated that the dop 
ing of the sidewall regions 601-604 provides a well implant 
region for the provision of a channel region within layer 41. 
According to one embodiment, the doping can be conducted 
at an angle to the vertical Surface of the sidewall regions 
601-604 and the major surface of the substrate 10, as illus 
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8 
trated in FIG. 10. Additionally, the doping of the sidewall 
regions 601-604 can be completed in a plurality of proce 
dures. For example, sidewall regions 601 and 603 can be 
doped during a first doping procedure, because the orientation 
of the workpiece 9 relative to the ion source facilitates the 
angular doping of the corresponding sidewall regions 601 and 
603 of the memory bit cells at memory bit cell locations 401 
and 403. After doping regions 601 and 603, a second doping 
procedure can be completed in which the substrate is rotated 
180° to alter the orientation of the workpiece 9 relative to the 
ion source, thereby facilitating the angular doping of sidewall 
regions 602 and 604 of the memory bit cells at memory bit cell 
locations 401 and 403. It will be appreciated that the degree of 
ion implantation within sidewall regions 601-604 can account 
for counter-doping effects of Subsequent implanting proce 
dures, such as the formation of source/drain regions. Suitable 
dopants include acceptor (P-type) dopants such as boron and 
indium. 

FIG. 11 illustrates workpiece 9 after the formation of bit 
lines 51, 52,53,54 and 55 (51-55). According to a particular 
embodiment, bit lines 51-55 are formed by ion implantation 
of a dopant at surface regions 201, 202, 203, 204 and 205 of 
the portions of layer 40 that were not previously doped to 
form layer 41. Again, according to the illustrated embodiment 
of FIG. 11, the dashed lines indicate an interface formed as a 
result of doping a material layer. Suitable dopants include 
N-type (donor) dopants such as phosphorous and arsenic. It 
will be appreciated that doping surface regions 201-205 at an 
angle Substantially perpendicular to the Surface of the Sub 
strate 10 facilitates reduced counter-doping effects of previ 
ously formed implantations. Such as those in sidewall regions 
601-604 formed in layer 41. 

Referring to FIG. 12, a dielectric layer 60 is formed over 
the illustrated portion of workpiece 9. The dielectric layer 60 
can include a variety of materials such as silicon dioxide, 
silicon nitride, silicon oxynitride, a high dielectric constant 
("high-k') material (e.g., dielectric constant greater than 8), 
or any combination thereof. The high-k material can include 
Hf,ON, Hf,SiO, Hf,SiON, Hf, ZrON, Hf, Zr,Si. 
ON, Hf, ZrO, Zr,SiO, Zr,SiON. ZrO, other Hf-con 
taining or Zr-containing dielectric material, a doped version 
of any of the foregoing (lanthanum doped, niobium doped, 
etc.), or any combination thereof. According to one embodi 
ment, the dielectric layer 60 may be thermally grown using an 
oxidizing or nitridizing ambient, or deposited using a con 
ventional chemical vapor deposition technique, physical 
vapor deposition technique, atomic layer deposition tech 
nique, or a combination thereof. If dielectric layer 60 is 
deposited, it can be deposited over substantially all of the 
exposed surfaces of the workpiece, as illustrated in FIG. 12. 
According to one embodiment, dielectric layer 60 has a thick 
ness less than approximately 5 nm. As such, in some embodi 
ments the dielectric layer 60 has a thickness less than approxi 
mately 2 nm. 

FIG. 13 illustrates a specific embodiment including a con 
ductive layer 70 overlaying the multi-bit cell locations 401 
and 403 at the illustrated portion of workpiece 9. As illus 
trated, a portion of dielectric layer 60 is between layer 70 and 
the active region formed from layer 41. Suitable materials for 
the conductive layer 70 can include a variety of conductive 
materials including metals, doped materials, and the like. 
Doped materials can include doped polysilicon, while metals 
can include aluminum, copper, titanium, and the like. In one 
embodiment, conductive layer 70 functions as a word line that 
facilitates biasing the multi-bit cell structures at memory bit 
cell locations 401 and 403 during program, erase and read 
operations, as described in more detail below. 
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FIG. 14 illustrates an embodiment with particularly iden 
tifying bit storage regions 301 and 303, as well as region 302 
of the multi-bit cell structures at multi-bit cell locations 401 
and 403 for use in conjunction with Table 1 provided below. 
For additional clarity, the conductive gates at locations 401 5 
and 403 have been assigned unique reference numbers 181, 
182, 141, and 142. Bit storage regions 301 and 303 are adja 
cent conductive gates 181 and 141 respectively, and store 
charge associated with a first data bit and a second data bit 

TABLE 1 

Program, erase, and read voltages for three bit cells 
for a particular embodiment illustrated in FIG. 14. 

10 
the charge storage region 301. Such an erase procedure also 
erases charge storage region 303. 

During a read operation of charge storage region 301, a 
positive bias is applied to bit lines 52,53 and 55 (about 1.OV), 
and bit lines 51 and 54 are near ground (about OV), while the 
word line 70 and source gate 141 have a strong positive bias 
(each approximately 2-4V). Due to the biasing of the gates, 
bit lines and word lines as such, a channel for the flow of 
electrons is formed proximate to the interface of layer 41 and 

First Bit (301 Second Bit (303 

Program V Erase V Read V Program V Erase V ReadW 

Bit Line 1 (51) +(3-4) Flt-Grind O Grind Flt-Grind 1 
Bit Line 2 (54) +(3-4) Flt-Grind O Grind Flt-Grind 1 
Bit Line 3 (52) Grind Flt-Grind 1 +(3-4) Flt-Grind O 
Bit Line 4 (55) Grind Flt-Grind 1 +(3-4) Flt-Grind O 
Bit Line 5 (53) Grind Flt-Grind 1 +(3-4) Flt-Grind O 
First Upper Source Gate (181) +(5-7)+ -(5-7) O +(5-7) -(5-7) 2-4 
First Lower Source Gate (141) +(5-7) -(5-7) 2-4 +(5-7)+ -(5-7) O 
Second Upper Source Gate (182) Neg - Grind -(5-7) O Neg - Grind -(5-7) O 
Second Lower Source Gate (142) Neg - Grind -(5-7) O Neg - Grind -(5-7) O 
Word Line (70) Grind +(5-7) 2-4 Grind +(5-7) 2-4 
Other Word Lines Neg NA Neg Neg NA Neg 

Table 1, in conjunction with FIG. 14 is provided to further 30 
the understanding of operation in accordance with one par 
ticular embodiment. During a programming procedure of 
charge storage region 301, negative charge elements, such as 
electrons, flow from bit line 52 (having a bias of approxi 
mately OV) toward bit line 54 (having a bias of approximately 
3-4V). Since gates 181 and 141 are both biased with a strong 
positive Voltage (approximately 5-7V), a channel for charge 
movement is formed in the multi-gated active structure, 
proximate to the interfacial region of layer 30 and layer 41. 
Because gates 181 and 141 are both biased with a strong 
positive bias, the channel resistance in regions 301 and 303 
adjacent gates 181 and 141 respectively, is low, while the 
resistance at the adjacent interfacial region 302, between the 
charge storage regions 301 and 303 is of a higher resistance. As 
The biasing of the system as such generates a high electric 
field in region 302, thereby accelerating charge elements, 
such as electrons, away from region 303 toward region 301, 
through region 302 and injecting the charge elements into 
charge storage region 301. By biasing gate 181 at a higher so 
voltage than gate 141 (designated by the "+" sign in Table 1), 
the accelerated electrons are injected into charge storage 
region 301. 

35 

40 

During an erase procedure of charge storage region 301, 
the polarities of the gates are generally reversed in relation to 55 
a programming procedure. Gates 181 and 141 are both biased 
with a strong negative Voltage (approximately -5-7V), how 
ever the bias is a strongly negative bias, thereby repelling 
negatively charged elements, such as electrons, that were 
previously stored in charge storage region 301. The word line 60 
70 has a positive bias (approximately +5-7V) thereby attract 
ing the electrons away from the charge storage region 301, 
while positively charge elements, such as holes, are repelled 
by the word line 70 and attracted to the charge storage region 
301. As a result, the electrons are removed from the charge 65 
storage region 301 and, in Some cases even replaced with 
holes, thereby erasing any information that had been stored in 

layer 60. If charge storage region 301 is at a programmed 
state, that is, electrons will are present within charge storage 
region 301, independent of the fact that the channel region 
adjacent charge storage region 303 is conductive, no substan 
tial channel will beformed associated with region 301 for the 
system bias as described above. Therefore, little or no current 
will flow from bit line 52 to bit line 54 and the system will 
determine that a charge is stored at charge storage region 301. 
If charge storage region 301 is at an erased State, that is, 
charge storage region 301 contains a positive or neutral 
charge, the biasing will allow a channel to be formed and 
current will flow from bit line 52 to bit line 54. Therefore the 
system will determine that the charge storage region 301 is in 
an erased State. 

It will be appreciated that the read procedure and the pro 
gram procedure utilize different channel regions, which are 
Vertically opposing interfaces of layer 41 relative to the major 
Surface of the Substrate. The channel region during a read 
operation relies on conduction near the interface between 
layer 41 and 60, while the programming operation relies on 
conduction between layer 30 and 41. The different channel 
regions utilized during read and programming procedures 
facilitates an improved sensing effect during read operations 
because the read channel is not subject to utilizing the same 
channel as the channel utilized during programming where 
channel degradation effects caused by hot carrier injection 
during programming can occur. The utilization of different 
channel regions for different read and programming proce 
dures also facilitates a device that has improved speed and 
responsiveness. 

In continued reference to Table 1 and FIG. 14, a program 
ming operation for charge storage region 303 is provided. 
During a programming procedure of charge storage region 
303, negative charge elements, such as electrons, flow from 
bit line 54 (having a bias of approximately OV) toward bit line 
52 (having a bias of approximately 3-4V). Since gates 181 
and 141 are both biased with a strong positive Voltage (ap 
proximately 5-7V), a channel for charge movement is at the 
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interfacial region between layer 30 and layer 41. Because 
gates 181 and 141 have a strong positive bias, the channel 
resistance in regions 301 and 303 adjacent gates 181 and 141 
respectively, is low, while the resistance at the adjacent inter 
facial region 302, between the charge storage regions 301 and 
303 is of a higher resistance. As a result, a high electric field 
will occur in region 302, causing electrons to accelerate as the 
electrons travel away from region 301 toward region 303, 
through region 302. By biasing gate 141 at a higher Voltage 
than gate 181 (designated by the "+" sign in Table 1), the 
accelerated electrons are injected into charge storage region 
3O3. 

During an erase procedure of a charge storage region 
303, the polarity of the system is the same as the erase pro 
cedure for charge storage region 301, discussed previously. 
Gates 181 and 141 have a strongly negative bias (approxi 
mately -5-7V), while the word line has a strong positive bias 
(approximately +5-7V). Biasing the system as Such facilitates 
repelling electrons from charge storage region 303 and 
attracting positively charged holes into charge storage region 
303 to erase any information that may have been stored within 
charge storage region 303. 
The biasing of the system for a read procedure of charge 

storage region 303 is similar to the conditions during a read 
procedure of charge storage region 301. During a read opera 
tion of charge storage region 303, a positive bias is applied to 
bit lines 51, and 54 (about 1.OV), bit lines 52.53 and 55 are 
near ground (about OV), and the word line 70 and source gate 
181 have a strong positive bias (each approximately 2-4V). 
Due to the biasing of the gates, bit lines, and word lineas such, 
a channel for the flow of electrons is formed in proximity to 
the interface of layer 41 and layer 60. It will be appreciated 
that this channel region is formed at a different interface than 
the channel region for a program procedure. If charge storage 
region 303 is at a programmed State, that is, electrons are 
present within charge storage region 303, independent of the 
fact that the channel region adjacent charge storage region 
303 is conductive, no substantial channel will be formed 
associated with region 303 for the system bias as described 
above. Therefore, little or no current will flow from bit line 54 
to bit line 52 as the channel is not conductive and the system 
will sense that a charge is stored at charge storage region 303. 
If the charge storage region 303 is at an erased State, that is 
charge storage region 303 contains a positive or neutral 
charge, the biasing will allow a channel to be formed and 
current to flow from bit line 54 to bit line 52, and the system 
senses that the charge storage region 303 is at an erase state. 

It will be appreciated that other charge storage regions 
associated with other non-volatile memory bit cells such as 
those at memory bit cell locations 401 and 403 will utilize the 
same or similar program, erase and read procedures. It will be 
further be appreciated that the height of the memory bit cells 
at memory bit cell locations 401 and 403 influences in part, 
the height of the charge storage regions 301 and 303 illus 
trated in FIG. 14. Accordingly, the height of the channel 
region defined primarily by the height of the memory bit 
structure must not be substantially greater than the height of 
the charge storage regions. As such, the thickness of the 
source gates 141 and 181 is typically not greater than about 90 
nm, such as not greater than about 50 nm. Such a thickness of 
source gates 141 and 181 is suitable to affect sufficient charge 
storage for a substantial portion of the memory bit cell 
thereby providing effective operation. Furthermore, the rela 
tion between the thickness of layer 41 relative to the height of 
the memory bit cell structure influences the conduction 
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12 
mechanics of the channel regions and as stated previously a 
thickness of layer 41 is within a range of between 10 nm and 
100 nm. 
An alternative embodiment is illustrated in FIG. 15 in 

which outer control gate structures 81, 82.83, and 84 (81-84) 
acting as multiple word lines are formed on vertical side wall 
regions 601-604 at multi-bit cell locations 401 and 403 are 
formed. Suitable materials for the outer control gate struc 
tures 81-84 include conductive materials such as metals, such 
as titanium, oratitanium-containing material. In one embodi 
ment, outer control gate structures 81-84 are made of poly 
silicon, Such as doped polysilicon. As such, outer control gate 
structures 81-84 facilitate biasing of the multi-bit cell struc 
tures at multi-bit cell locations 401 and 403 during program, 
erase and read operations. 

It will be appreciated that particular embodiments have 
illustrated a charge storage region including layer 30 that 
illustrates discontinuous charge storage elements substan 
tially surrounded by a dielectric material. However, a variety 
of other charge storage structures are available and in fact, any 
material layer capable of holding a charge is Suitable for 
forming charge storage regions in accordance with embodi 
ments herein. 

Note that not all of the activities described above in the 
general description or the examples are required, that a por 
tion of a specific activity may not be required, and that one or 
more further activities may be performed in addition to those 
described. Still further, the order in which activities are listed 
are not necessarily the order in which they are performed. 
After reading this specification, skilled artisans will be 
capable of determining what activities can be used for their 
specific needs or desires. 
Any one or more benefits, one or more other advantages, 

one or more solutions to one or more problems, or any com 
bination thereofhave been described above with regard to one 
or more specific embodiments. However, the benefit(s), 
advantage(s), solution(s) to problem(s), or any element(s) 
that may cause any benefit, advantage, or Solution to occur or 
become more pronounced is not to be construed as a critical, 
required, or essential feature or element of any or all the 
claims. 

In the foregoing specification, principles of the disclosure 
have been described above in connection with specific 
embodiments. However, one of ordinary skill in the art appre 
ciates that one or more modifications or one or more other 
changes can be made to any one or more of the embodiments 
without departing from the scope of the disclosure as set forth 
in the claims below. Accordingly, the specification and figures 
are to be regarded in an illustrative rather than a restrictive 
sense and any and all Such modifications and other changes 
are intended to be included within the scope of disclosure. 
What is claimed is: 
1. A method comprising: 
forming a first control gate overlying a major Surface of a 

Substrate for an electronic device; 
forming a second control gate overlying the first control 

gate and spaced apart from the first control gate; and 
forming a charge storage structure adjacent to, and con 

tinuous along the first control gate, the second control 
gate, and a region between the first control gate and the 
second control gate, wherein a major surface of the 
charge storage structure is substantially perpendicular to 
the major surface of the substrate. 

2. The method of claim 1, wherein forming the charge 
storage structure comprises forming a first region of the 
charge storage structure associated with the first control gate 
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to store charge associated with a first data bit, wherein the first 
region is Substantially surrounded by a dielectric. 

3. The method of claim 2, wherein forming the charge 
storage structure comprises forming a second region of the 
charge storage structure associated with the second control 
gate to store charge associated with a second data bit, wherein 
the second region is Substantially Surrounded by a dielectric. 

4. The method of claim 3, wherein the charge storage 
structure comprises discontinuous storage elements. 

5. The method of claim 1, further comprising: 
forming a multi-gated active structure adjacent to the 

charge storage structure, the multi-gated active structure 
comprising a first Surface and a second Surface, the first 
Surface along a first plane Substantially defining a first 
interfacial region between the first surface and the 
charge storage structure, and the second Surface along a 
second plane, wherein the second Surface opposes the 
first surface such that they are substantially parallel. 

6. The method of claim 5, further comprising: 
forming a conductive layer over the multi-gated active 

Structure. 

7. The method of claim 5 further comprising: 
injecting charge elements into the charge storage structure 

from the first interfacial region; and 
generating a charge mobility region along the second plane 

of the multi-gated active structure during a read of the 
charge storage region. 

8. The method of claim 7, wherein injecting further com 
prises: 
moving charge elements along a first portion of the first 

interfacial region, wherein the first portion of the first 
interfacial region is closer to the first control gate than to 
the second control gate; 

moving charge elements along a second portion of the first 
interfacial region, wherein the second portion of the first 
interfacial region is closer to the second controlgate than 
the first control gate; and; 

generating an electric field between the first and second 
portions of the first interfacial region to accelerate the 
charge elements, wherein injection of the charge ele 
ments into the first region occurs at a third portion of the 
first interfacial region associated with the second control 
gate in response to the charge elements accelerating 
through the electric field, wherein the third portion of the 
first interfacial region is between the first and second 
portions of the first interfacial region. 

9. The method of claim 7, wherein generating the charge 
mobility region comprises biasing a non-volatile memory 
device comprising the change storage region to move charge 
elements to be sensed along the second plane, the method 
further comprising, sensing the charge elements moved along 
the second interfacial region. 
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10. The method of claim 9, wherein the second plane is at 

a second interfacial region. 
11. The method of claim 10, wherein the second interfacial 

region is formed between the second Surface of the multigated 
active structure and a dielectric. 

12. The method of claim 5 further comprising: 
forming a dielectric structure adjacent the multi-gated 

structure, wherein the multi-gate active structure is 
between the dielectric structure and the charge storage 
Structure. 

13. The method of claim 1, further comprising: 
generating an electric field in a region between the first and 

second control gates; and 
accelerating charge elements in the electric field to facili 

tate injecting first charge elements into a first storage 
region. 

14. The method of claim 13, wherein the method further 
comprises: 

generating an electric field in a region between the first and 
second control gates; and 

accelerating charge elements in the electric field to facili 
tate injecting second charge elements into a second stor 
age region. 

15. The method of claim 14, wherein the method further 
comprises: 

injecting the first and second charge elements into the 
charge storage structure through a first interfacial 
region. 

16. The method of claim 13, wherein generating the elec 
tric field comprises providing a first potential on the first 
control gate and providing a second potential on the second 
control gate, wherein the second potential is less than the first 
potential. 

17. The method of claim 1 whereinforming the first control 
gate and forming the second control gate are part of forming 
a multi-gate stack that further comprises forming a dielectric 
layer between the first control gate and the second control 
gate. 

18. The method of claim 17, wherein the charge storage 
structure is a first charge storage structure formed adjacent to 
a first sidewall of the multi-gate stack; and claim 17 further 
comprising: 

forming a second charge storage structure adjacent to, and 
continuous along a second sidewall of the multi-gate 
stack, wherein the first and second sidewalls of the 
multi-gate stack are opposing sidewalls and a major 
Surface of the second charge storage structure is substan 
tially perpendicular to the major surface of the substrate. 

19. The method of claim 18, wherein the charge storage 
structure comprises discontinuous storage elements. 

k k k k k 


